A double-flat-core type high conversion light water reactor (HCLWR) has been developed at JAERI to improve fuel utilization.
Experimental and analytical studies on the departure from nucleate boiling ratio (DNBR) under operational and accident conditions for the HCLWR have been performed.
It was found by comparing several critical heat flux (CHF) correlations with the CHF data obtained at JAERI and Bettis Atomic Power Laboratory that the KfK correlation has the most promising features for the application to the triangular tight lattice rod array.
The minimum allowable DNBR (MDNBR) for the HCLWR was determined to be 1.28 by comparing the Bettis CHF data with the KfK correlation.
The best-estimate code J-TRAC was used for system transient calculations under the primary coolant pump trip and locked rotor accident conditions. The subchannel code COBRA-IV-I was then used to obtain local flow conditions and fuel rod surface heat flux. The analytical results indicated that an enough safety margin was assured under the steady-state operational condition. Under the accident conditions, the evaluated minimum DNBR's were also above the MDNBR criterion. Therefore, it was clarified that the present HCLWR design is feasible from a view point of the MDNBR criterion. KEYWORDS In recent years the concept of high conversion light water reactor (HCLWR), which is expected to improve fuel utilization with only a minor change in the existing light water reactor (LWR) technology, has been receiving much attention in several countries such as the USA(1), the Federal Republic of Germany (2) , France(3), Switzerland(4) and Japan (5) . Japan Atomic Energy Research Institute (JAERI) initiated the feasibility studies of the HCLWR in 1985 in the fields of reactor physics(6) and thermal-hydraulics").
The objectives of the JAERI's design study are to attain a high conversion ratio, a high discharge burnup and a high safety margin, simultaneously.
The high conversion ratio can be achieved by hardening the neutron spectrum by reducing the moderator-to-fuel volume ratio (Vm/Vf). As a result, a tight lattice fuel assembly is used in an HCLWR. In the tight lattice core the void reactivity coefficient tends to become higher or even positive. However, it is requested to keep the void reactivity coefficient sufficiently negative and meet the safety criteria under accident conditions. Ishiguro et al. proposed a flat-core concept (6) , in which a negative void reactivity coefficient is attained by neutron leakage through axial direction.
Since the thermal output of the single flat-core was too small for an alternative of a current large scale light water reactor, the concept of a doubleflat-core has been developed (7) . The concept of the pressure vessel and major design parameters are shown in Fig. 1 and Table 1 , respectively. Figure 2 shows the configuration of fuel rod. In this new design two flat cores are piled up with lower, inner and upper axial blankets so that the reactor thermal Table 2 .
Subchannel Analysis
Local flow conditions such as mass velocity and enthalpy in a hot channel are different 
Thermal Mixing Experiments and Mixing Coefficients
A sensitivity study suggested that a turbulent mixing coefficient, which is an input parameter of the COBRA-IV-I code, has the most significant effect on the prediction of (13) The empirical correlation is given by Fig. 3 and Table 5 , respectively. Table  6 . 
III . MDN BR CRITERION FOR HCLWR
The DNBR is defined as the ratio between the CHF predicted by an applicable correlation and the local heat flux of a fuel rod. In order to maintain an adequate safety margin regarding DNB, the DNBR in every part of the core should be larger than a minimum allowable DNBR criterion which gives a 95% probability at the 95% confidence level that no fuel rod in the core experiences DNB.
The DNBR criterion has been one of the major limitations on the thermal output of an LWR. The minimum DNBR (MDNBR) criterion in steady-state and operational transient conditions for a current PWR design is 1.30 with the W-3 correlation (16) . Since the MDNBR depends on the correlation and referred CHF data base, the MDNBR should be newly determined for the HCLWR core configuration.
The MDNBR is given by MDNBR=1/(x-ks),
where x : Average of measured-to-predicted DNB ratios (M/P's) s : Standard deviation of M/P's k : Factor for one-sided tolerance limit (17) .
Based on the Bettis CHF data and the KfK correlation, the MDNBR for the HCLWR was determined to be 1.28. Note that this MDNBR criterion should be regarded as tentative because the KfK correlation has not been verified at full pressure with the similar geometry as the present HCLWR design. It is also noted that the MDNBR of 1.28 is approximately equal to the MDNBR criterion of 1.30 of a current PWR.
IV. DNBR ANALYSES FOR DOUBLE-FLAT-CORE TYPE HCLWR
1. DNBR Analysis under Steady-state Operational Condition The DNBR for the present HCLWR design was obtained by combining the KfK correlation with the subchannel code COBRA-IV-I. The effect of non-uniform axial heat flux profile including the internal blanket and lower core was taken into account in the KfK correlation by using the Y-factor defined in Table 2 .
The whole core was represented by the 1/12 sector due to the symmetrical configuration of the core. Figure 5 shows the radial noding schematics and radial peaking factors. The radial peaking factors were based on neutronic calculations (18) . The engineering hot Flow rate in the core : 95% of the total flow rate. The mixing coefficient was assumed to be 0.0 in the present calculation, because the smaller mixing coefficient results in the higher enthalpy rise in the hot subchannel resulting in the lower DNBR. The conservativeness of this assumption was confirmed by a sensitivity study, which indicated that the MDNBR was increased by 0.24% as increasing the mixing coefficient from 0.0 to 0.001, which is an experimentally obtained value using a 36-rod bundle (Table 3 ). Figure 7 shows the DNBR vs. elevation for the typical and thimble cells. Here only the upper core is shown because the DNBR is lower in the upper core than in the lower core. The DNBR becomes minimum at 1.7 m from the bottom of the lower blanket in the typical cell. The value of MDNBR is 1.66 which is much higher than the MDNBR criterion of 1.28, indicating that an enough safety margin is assured under the steady-state operational condition. The pressure vessel is threedimensionally divided into 6 azimuthal, 4 radial and 25 axial nodes. The same conservative assumptions were made for the initial conditions as in the steady-state COBRA-IV-I calculation. The reactivity coefficients with respect to fuel temperature, coolant temperature and coolant void were also determined by the neutronic calculations (18) . Figure 10 (a) and (b) show the J-TRAC calculation results of the core inlet flow rate, reactor power, core inlet temperature and system pressure for the pump trip accident and for the locked rotor accident, respectively. In the pump trip accident, the core inlet flow rate is slowly reduced along the free rotation with the flywheel followed by the rapid reduction of reactor power at 1.6 s due to the reactor trip signal of lower pump rotation speed (92.6% of nominal speed). In the locked rotor accident, on the other hand, the core inlet flow rate is rapidly reduced to 74% of the nominal flow rate within 1 s and gradually reduced to 65% in 10 s. In the present analy- (a) Pump trip accident (b) Locked rotor accident 
